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Introduction

One of the purposes of 3GPP audio codec characterization was to provide a more comprehensive and up to date evaluation of the audio codec performance than it was possible during codec selection. The characterization has evaluated the latest codec versions under various relevant bit rates and operating conditions. On the other hand, the test results from codec selection may at least partly be considered obsolete since they are based on early codec versions, which afterwards, before characterization, have been improved. 

3GPP TS 26.234 (PSS), 3GPP TS 26.140 (MMS), 3GPP TS 26.346 (MBMS) and 3GPP TS 26.141 (IMS Messaging and Presence) contain audio codec recommendation matrices, giving an indication of the most advantageous operating ranges for both codecs. These matrices were made in an early phase of the 3GPP Rel-6 audio codec standardization when audio codecs for PSS and MMS were selected but only results from the selection phase were available. The same table was also copy-pasted to TS 26.346 and TS 26.141 when audio codecs for them were selected. In light of the finalized audio codec characterization and the fact that the test results from the codec selection are at least partly obsolete, it is necessary to make sure that the given recommendation matrices are fully in line with the audio characterization TR 26.936. This document discusses this question and proposes necessary actions avoiding inconsistencies.

Picture provided in TSs 26.140/26.234/26.346/26.141
The codec recommendation matrix as provided in TSs 26.140, 26.234, 26.346, and 26.141 is shown in Table 1. According to it Extended AMR-WB is strong for the scenarios marked with blue, Enhanced aacPlus is strong for the scenarios marked with orange, and both are strong for the scenarios marked with green colour.
Table 1: Audio codec recommendation matrix of TSs 26.140, 26.234, 26.346, and 26.141
	Content type

Bit rate
	Music
	Speech over Music
	Speech between Music
	Speech

	14 kbps mono
	
	
	
	

	18 kbps stereo
	
	
	
	

	24 kbps stereo
	
	
	
	

	24 kbps mono
	
	
	
	

	32 kbps stereo
	
	
	
	

	48 kbps stereo
	
	
	
	


Picture obtained from characterization test results 
Information relevant for the audio codec recommendation in the context of the recommendation matrices of TSs 26.140, 26.234, 26.346, and 26.141 are the characterization test results displayed in Figs. 2, 3, 10, and 11 of TR 26.936 and in addition the 0% BLER conditions in test CT-P2 UTRAN Stereo (Figs. 7 and 26):
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Figure 2: Audio Content for audio codecs across bit-rates (mono mode)
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Figure 3: Audio content for audio codecs across bit-rates (stereo mode)
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Figure 10: MUSHRA results for AMR-WB+ and Eaac+ across bit-rates (mono mode)
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Figure 11: MUSHRA results for AMR-WB+ and Eaac+ across bit-rates (stereo mode)
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Figure 7: Audio content for audio codecs across PLR (UTRAN stereo mode)
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Figure 26: Results for UTRAN, Higher-rate at Three Levels of PLR (stereo mode)
(Bit-rates given are gross rates including packetization overhead).
Assumptions and criteria for recommendation matrix derivation

The test results obtained in these graphs have been analysed in order to derive a codec recommendation matrix similar to those in TSs 26.140, 26.234, 26.346, and 26.141. The analysis has been made under the following assumptions:
1. Codec performances are significantly different (i.e. one codec significantly better than the other) if the confidence intervals do not overlap. A significant preference for AMR-WB+ is marked in dark green, a significant preference for E-AAC+ in dark red.
2. A codec performance is better than the other though not significantly if its score is higher than the score of the other codec but the confidence intervals are overlapping. A non-significant preference for AMR-WB+ is marked in light green, a non-significant preference for E-AAC+ in light red and a codec name is in parenthesis.
3. In correspondence with the content type categories used in the characterization the content type category ‘mixed’ is used as the combination of the categories ‘speech_over_music’ and ‘speech_between_music’.

4. In addition to the specific content categories a ‘total’ category has been added giving the performance across all content classes.

5. The bit rate used for comparison is the source or net bit rate of the codec as in TSs 26.140, 26.234, 26.346, and 26.141. Since the two codecs have not been compared at exactly the same rates, the maximum of the respective two rates is indicated. E.g. CT-P2 UTRAN Stereo tested the two codecs at 40 kbps gross bit rate, though AMR-WB+ was operated at 32 kbps and E-AAC at 36 kbps source bit rate. The indicated bit rate will hence be ‘<= 36 kbps’. 
Matrices obtained from characterization test results

The matrices obtained applying the above criteria and assumptions to the characterization test results are shown in Table 2 for mono operation and Table 3 for stereo operation. 
Table 2: Recommendation matrix based on characterization test results (Mono)
	Rate
[kbps]
	Music
	Speech
	Mixed
	Total

	<=10
	AMR-WB+
	AMR-WB+
	AMR-WB+
	AMR-WB+

	<=16
	AMR-WB+
	AMR-WB+
	AMR-WB+
	AMR-WB+

	<=20
	(AMR-WB+)
	AMR-WB+
	AMR-WB+
	AMR-WB+


Table 3: Recommendation matrix based on characterization test results (Stereo)
	
Rate
[kbps]
	Music
	Speech
	Mixed
	Total

	<=16
	(E-AAC+)
	AMR-WB+
	(E-AAC+)
	(AMR-WB+)

	<=21
	E-AAC+
	(AMR-WB+)
	(AMR-WB+)
	(AMR-WB+)

	<=28
	E-AAC+
	AMR-WB+
	(AMR-WB+)
	(E-AAC+)

	<=36
	E-AAC+
	(AMR-WB+)
	(AMR-WB+)
	(E-AAC+)


Conclusions
The matrices derived from the characterization test results are in striking contradiction to the matrices present in TSs 26.140, 26.234, 26.346, and 26.141. We believe that the difference is largely explained by the fact that for characterization the most recent codec versions were available. 

The immediate conclusion is that the matrices in TSs 26.140, 26.234, 26.346, and 26.141 are obsolete. They cannot be maintained as they are as they lead to a significant inconsistency in 3GPP TSs and TRs. In addition, the obsolete matrices provide a skew and hence unfair picture of the two codecs.

It is suggested that SA4 derives a solution fixing the described inconsistency. We believe that such a solution has to be a CR to TSs 26.140, 26.234, 26.346, and 26.141 which either

· Replaces the old matrices by the suggested new ones or

· Removes the obsolete matrices completely from the TSs and instead adds a reference to TR 26.936.   
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